A planar-structure acoustic focusing lens proposed by the authors is applied successfully to the scanning acoustic microscope as a substitute for the conventional concave lens. The lens is composed of a number of concentric annular grooves of uniform depth formed on the radiation plane according to the theory of a Fresnel zone plate. Because of the simple configuration with no spherical surface, the planar lens operating at a very high frequency can be fabricated easily using the conventional photolithographic tech nique.Good focusing capability of the lenses fabricated for operation at 100MHz and 200MHz has been demonstrated through the experimental and theoretical examina tions.Images of satisfactory quality have been obtained using the scanning acoustic microscope equipped with the planar lenses.
INTRODUCTION
The scanning acoustic microscope (SAM) has attracted much attention as a powerful tool for visualizing the microstructure of various materials and/or characterizing the elastic properties of solids and biological tissues. In most of the SAM's, an acoustic lens with a spherical concave surface is used for focusing the sound beam on a small portion of an object to be imaged.1)Since the acoustic micro scopeoperates in a very high frequency range such as VHF or UHF, it needs a tiny spherical lens fabricated with very high accuracy. Therefore, it would be convenient if the spherical lens in the SAM could be replaced by an alternative one whose fabrication is much easier. Several focusing devices for high-frequency ultransonic imaging systems have been reported as substitutes for the spherical lens, and some of them have employed non-spherical configurations.") However, it seems that these focusing devices have not yet attained good focusing performance comparable to that of the spherical lens at very high frequencies. In order that the theoretical value of V(u) may be calculated from Eq.(4) and compared with the ex perimentalresults, the theoretical value of g(u) must be obtained. To calculate g(u), it is assumed that the sound field radiated from the lens can be rep resentedapproximately by that from an equivalent radiator model.8) The radiator is assumed to con sistof two sets of annular pistons positioned cor respondingto the grooved and ungrooved regions 20Am, respectively. Remarkable variation of the image contrast depending on the distance between the lens and the objective is observed in these figures. This phenomenon has already been observed in cases of the conventional SAM with a concave lens.") Since the image contrast reversal is closely related to the well-known V(z) curves, the experi mentalresults suggest that the planar lens may be used also for quantitative measurements of the elastic properties of objectives through the V(z) curves.")
CONCLUSION
Planar-structure focusing lenses for the acoustic microscope operating at 100MHz and 200MHz have been designed and fabricated successfully by using photolithographic techniques. Good focusing capability has been demonstrated through the ex perimentaland theoretical examinations. Images of satisfactory quality have been obtained by the SAM system equipped with the planar lenses. Contrast variation depending on the lens-to-objective dis tancehas also been observed in the acoustic images. Since this phenomenon is closely related to the V(z) (a) (b) curves, the planar lenses may be applicable also for the material characterization through the V(z)
curves.
